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In order to maintain a sustainable growth for our society, it becomes more and
more important to develop alternative energy sources, which is more environmental
friendly as well as renewable. Thermoelectric materials can be used to convert heat to
electricity directly or vice versa. A device based on such materials can provide clean
and renewable energy for mankind by utilizing solar radiation or other industrial wasted
heat, such as automobile’s exhaust. The performances of thermoelectric materials are
mainly defined by the dimensionless figure of merit, ZT . Good thermoelectric material
must have high electrical conductivity, while maintaining low thermal conductivity at
the same time.
Skutterudite is a new kind of thermoelectric material with complicated ’cage’
structure, which attracts a lot of attentions recently. The ’cage’ in the skutterudite ma-
terials can be filled with alkaline-earth, rare-earth, or actinide atom. Previous reports
suggested filler atoms in the ’cage’ had decouple, independent variational modes due
to losing bonds between ’host’ atoms and filler atoms. These decouple modes might
scatter heat-carrying phonon and reduce thermal conductivity greatly. However, the
mechanism of these independent modes is not clear.
The influence of pressure on the structural properties of various skutterudite ma-
terials: unfilled, partially and fully filled, is investigated by first principle calculation.
My calculational results suggest that the mechanical properties of a skutterudite mate-
rial is mainly determined by the bonding strength between transition metal atoms and
pnicogen atoms, but the bond angles corresponding to cage structure in skutterudite are
also play some roles on the compressibility at high pressure.
Furthermore, when pressure increases, the atomic potentials of filler atom change
from U shape to nearly harmonic, which indicates that the filler atom’s vibrational
modes turn from uncouple to couple with ’guest’ atom’s modes. My results not only
provide a microscopic picture for the phonon glass concept in skutterudite material, but
also reveal a way to reduce its lattice thermal conductivity. It is also possible to tune
the phonon properties of a skutterudite material by changing filling factor or pressure.
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